Sensor Device for Indicating Wear States on Contact Bodies 

Specification 

The invention is directed to a sensor assembly for signaling wear conditions on contact 
bodies according to the preamble of claim 1 . 

Pantographs of electrically driven vehicles are typically constructed from contact bodies 
which are attached to a metallic support. The support is then connected to a 
pantograph which presses the contact body against a current-carrying conductor of an 
overhead wire system. During operation of the electrically driven vehicle, particularly at 
high-speed, the contact bodies experience substantial abrasion. In addition, vibrations 
and other shock-like loading occur. The sensor assembly which cooperates with a 
monitoring and safety system is provided for the purpose of indicating wear conditions 
on contact bodies to the operators, who monitor malfunctions and wear conditions. 
Various implementations of such devices are known. 

For example, DE 44 254 60 A1 describes a monitoring unit for monitoring the operation 
of contact elements of pantographs during operation. The monitoring unit is 
characterized, in particular, in that the support side of the contact body has a groove in 
which a fluid pressure is maintained. If the contact body is damaged, causing a 
pressure drop in the groove, the pantograph is immediately lowered and the electrically 
driven vehicle may possibly be stopped. This system is designed so that the vehicle is 
eventually stopped in the event of a pressure drop, which disadvantageously may cause 
problems when the vehicle is to be returned and repaired. 

This monitoring system is not capable of determining early wear stages before a 
complete failure occurs. 
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EP 0 525 595 A1 discloses a monitoring unit for contact bars of pantographs, where 
several light guides are embedded in the contact bars. The end sections of the light 
guides embedded in the contact bar are connected to a transmitter and a receiver, 
which transmit and receive light pulses through the light guides. When a light guide is 
damaged, the predetermined sequence of light pulses would be interrupted, thus 
indicating a malfunction. Disadvantageously, as described therein, introducing the light 
guides in the contact bars, in particular passing the entire length of the light guides 
through the contact bars, is a relatively complicated technological process. In addition, 
the embedded light guides mechanically weaken the contact bars. 

It is therefore an object of the invention to provide a sensor assembly which allows 
installation of signal transmitters at practically any desirable location on the contact bar, 
and which is capable of indicating the respective wear condition of the contact bar 
without interfering with the operation of the vehicle. 

The object is solved by the features of claim 1 . 

Accordingly, the sensor assembly of the invention for signaling wear conditions on 
contact bodies of pantographs of electrically driven vehicles is characterized in that the 
sensor assembly includes blind holes introduced in the contact body, transmission 
channels in communication with the blind holes, and a monitoring unit, wherein the blind 
holes and the monitoring unit are connected via the transmission channels, and that a 
medium which generates signals at a predetermined wear condition is disposed in the 
blind holes, and a medium which transmits these signals to the monitoring unit is 
disposed in the transmission channels. 

Advantageous modifications are recited in the dependent claims. 

According to one advantageous embodiment, the medium generating the signal and the 
medium transmitting the signal are identical. 



2 



Advantageously, in one modification, the medium generating and transmitting the signal 
is a hydraulic fluid. Particularly suited for this purpose is compressed air. 

According to another modification, the medium generating and transmitting the signal is 
an electrically conductive medium. 

According to another embodiment, the medium generating and transmitting the signal is 
a light-conducting medium. 

According to an advantageous modification of the invention, the medium generating the 
signal and the medium transmitting the signal are not identical, for example, when 
optical signals are converted into and transmitted as electrical pulses. 

According to another embodiment, the medium generating the signal is a current 
conductor, a light guide, a photodiode or a camera. 

In another embodiment, several blind holes are arranged in spaced-apart relationship, 
so that the wear condition can potentially be determined over the entire contact body. 

In another embodiment, the spaced blind holes are oriented vertically. 

According to another important advantage of the invention, the blind holes can have 
different hole depths, so that the operating personnel can ascertain the wear condition 
of the contact body at any time. This applies particularly to a modification where each 
blind hole or groups of blind holes have separate transmission channels. 

In an advantageous embodiment of the invention, the blind holes extend through a side 
face of the contact body with an acute angle in the direction of the contact surface, so 
that sensor devices can effectively be applied to the contact bars at a later time. 
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Additional embodiments of the invention contemplate blind holes with a cylindrical or 
conical shape. The conical shape has the advantage that the size of the cross-section 
for the incident light can be continuously monitored by using photodiodes or a camera, 
so that a measure of the wear condition can be transmitted to the monitoring unit. The 
medium generating the signal, for example a photodiode or a camera should here be 
positioned in the entry region of the blind hole. 

According to another embodiment of the invention, when using a photodiode, a camera 
or a light guide, an additional hydraulic fluid, such as compressed air, can be applied in 
the blind holes the associated transmission channels, so that when the blind holes, for 
example a conical blind hole, are exposed, any material entering due to normal wear is 
blown out, thereby preventing interference with the operation of the photodiode, the 
camera or the light guide. 

In a modification of the invention, the transmission channels are arranged in the support 
below the contact material and are connected therefrom to the monitoring unit via 
additional transmission channels. 

According to another embodiment, the transmission channels, which are in 
communication with the blind holes, are arranged outside the support and are 
connected therefrom to the monitoring unit via additional transmission channels. 

When using several mutually independent air supply channels and/or hoses, separate 
monitoring units with different settings can be employed to indicate different warning 
signals for different wear conditions of the contact material. The indicated wear 
conditions of the contact material depend on the depths of the outlet nozzles in the 
contact material. When using a single air supply channel, several warning levels can 
also be implemented by using different outlet nozzles of different length and diameter. 
A lesser quantity of the medium is exhausted through the outlet nozzle having a smaller 
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diameter. The flow rate is therefore smaller than for an outlet nozzle having a larger 
diameter. The monitoring unit associates the corresponding flow with the corresponding 
output signal. 



In the following, the invention will be described in more detail with reference to drawings 
and exemplary embodiments. 

Fig. 1 shows schematically a side view of a contact bar which is mounted on a 
support, with transmission channels in the support; 

Fig. 2 shows a cross-sectional view of a fitting of the continuing transmission 
channel (section B-B of Fig. 1); 

Fig. 3 shows a cross-sectional view of a blind hole in the contact body (section A-A 

of Fig. 1); 

Fig. 4 shows a cross-sectional view of a contact body with a transmission channels 
arranged outside the support; 

Fig. 5 shows another cross-sectional view of a blind hole (section C-C of Fig. 4); 

Fig. 6a is a schematic side view of blind holes applied with a different depth; 

Fig. 6b is a diagram of the horizontal distribution of the blind holes applied with the 
different depths; 

Fig. 7 shows a cross-sectional view of a conical blind hole; 

Fig. 8 shows schematically a blind hole introduced from the side at an angle; 
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Fig. 9 shows schematically a cross-sectional view of the blind holes with current 
conductor, photodiode and light guides; and 

Fig. 1 0 shows schematically a cross-sectional side view of the conical blind holes and 
associated photodiode and light guide. 

Fig. 1 shows a contact bar attached to a support, with transmission channels disposed 
in the support, forming part of a pantograph 1 . 

The corresponding cross-sectional views A-A and B-B are shown in Fig. 3 and Fig. 2, 
respectively. 

A base surface 22 of a contact body 2 is attached to a shaped surface 71 of a support 
7. During the operation of an electrically driven vehicle, a contact surface 21 of the 
contact body 2 makes contact with the overhead wire (not shown). Support channels 
72 are established in the support 7 below the shaped surface 71 of the support 7. The 
support channels 72 extend essentially across the entire length of the support 7. Blind 
holes 3 are formed in the contact body 2 so that a corresponding hole entrance opening 
33 is directly connected with the support channels 72. After the contact body 2 is 
attached to the shaped surface 71 of the support 7, the blind holes 3 can be formed in 
the contact body 2 by forming an opening which extends through the support 7 and the 
support channels 72 into the contact body 2. The opening, which is formed in the 
support 7 and extends into the support channel 72, is closed with a sealing pin 72, as 
shown in Fig. 3. Fig. 2 shows the configuration of a threaded insert 61 which is screwed 
into the support channel 72. The threaded insert 61 is provided with a hose connection 
62 adapted for connection to a transmission channel 6. In this illustration, two support 
channels 72 are provided in the support 7. Additional support channels 72 can be 
provided depending on the arrangement and number of the blind holes 3. A hole depth 
32 extending from the hole entrance opening 33 to the hole bottom 31 determines the 
wear height 23. The transmission channel 6 is extended onward to the monitoring units 
(not shown). Compressed air forms the medium generating and transmitting the signal 
and is introduced into the system which includes transmission channels 6, support 
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channels 72 and blind holes 3. During the operation of the vehicle, removal of the 
contact material causes a decrease in the wear height 23. When sufficient material is 
removed to expose the hole bottom 31 , the compressed air escapes, producing a 
noticeable pressure drop and/or a noticeable change in the flow resistance of the 
compressed air, which are processed and indicated in the monitoring unit as a wear 
signal. 

An air-gas mixture flows continuously through the open outlet nozzle during operation to 
prevent contaminants/water from entering the wear monitoring system through the open 
outlet nozzles. The flow rate can be changed 

Fig. 4 and Fig. 5 show a modification of the transmission channel and the blind hole 3. 
A threaded tubular insert 34 is screwed into the blind hole 3 which is formed in the 
contact body 2 in a manner described above. A rotatable threaded elbow joint 35 
located outside the support 7 provides a connection to transmission channels 6 
implemented as hoses. 

In Fig. 6a, blind holes 3 having different depth are introduced in the contact body 2. The 
illustrated blind holes 3 have hole depths 32A, B and C, whereby A indicates the 
smallest hole depth and C the greatest hole depth. 

In addition, Fig. 6b illustrates the distribution of the blind holes 3 across the width of the 
contact body 2, as viewed in the direction of a contact surface 21 . 
The different hole depth 32 of the blind holes 3 can advantageously be used to record 
wear conditions at an early stage. 

Fig. 7 shows a conical blind hole according to the invention. With a conical shape, 
progressive wear over time can advantageously be recorded continuously by using 
media that generate a signal associated with a light measurement, such as a light guide 
5, a photodiode 8 or a camera 9. 
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When using a hydraulic fluid, the fluid discharge rate increases with increasing wear of 
the contact body, which after suitably processing can be used to indicate the actual 
condition of the useful thickness of the contact body. 

Fig. 8 illustrates schematically a blind hole 3 which is introduced into the contact body 2, 
which is attached to the support 7, at an angle. With the embodiment depicted in Fig. 8, 
the sensor arrangement of the invention can advantageously be applied to already 
fabricated contact bars at the later time, without requiring removal of the contact body 2 
from the support 7 or machining of the entire contact bar. 

Fig. 9 shows an exemplary arrangement of the current conductor 4, the light guide 5 
and the photodiode 8 and/or the camera 9. When the material removal from the contact 
body 2 reaches the hole bottom 31 of the blind hole 3, the corresponding signals 
produced by the incident light or by the corresponding current flow for the current 
conductor 4 are transmitted to the monitoring unit. 

On the other hand, with the arrangement illustrated in Fig. 10, wherein the blind hole 3 
has a conical shape and the photodiode 8 and/or the camera 9 and/or the light guide 5 
are arranged in a region of the hole entrance opening 33 of the blind hole 3, increased 
wear increases the size of the opening of the blind hole accompanied by a steady 
increase in the quantity of incident light. The quantity of light is measured and 
continuously transmitted, making it possible to determine the wear condition at 
practically any time. 
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List of reference symbols 



1 


oantoaraoh 


2 


contact body 


21 


contact surface 


22 


base surface 


23 


wear height 


24 


side face 


3 


blind hole 


31 


hole bottom 


32 


hole depth 


33 


hole entrance opening 


34 


threaded tube 


35 


threaded elbow joint 


4 


current conductor 


5 


light guide 


6 


transmission channel 


61 


threaded insert 


62 


hose connection 


7 


support 


71 


shaped (or contoured) surface 


72 


support channel 


73 


sealing pin 


8 


photodiode 


9 


camera 



9 



